I. INTRODUCTION
Recent research has questioned the ability of cross-sectional hedonic models to deal with time-trended environmental amenities (Freeman 1993; Smith and Huang 1995) . In particular, housing market inefficiencies may lead to lags in the incorporation of the amenity effects, especially when the level of the amenity is subject to a time trend (Freeman 1993; Graves et al. 1988) . If the length of time until full capitalization of the amenity value is sufficiently long, then price effects estimated cross-sectionally may be a function of the time at which the effect is estimated. Thus, different values may be estimated for the environmental good at different times.
Another problem with the cross-sectional approach is that environmental quality adjustments may induce disequilibria in the housing and related markets, such as the labor market. Graves (1979) and Graves and Linneman (1979) found support for the idea that environmental amenities, such as a relatively warm climate and low humidity, may be at least partly responsible for the influx of new residents into the western United States in the 1960s and 1970s. If the labor market is affected by environmental quality changes, then second-round housing market impacts could occur through changes in migration patterns. Unless second-round impacts are instantly incorporated into the housing market, hedonic price estimates will vary over time.
Past hedonic property models have shown evidence of this type of distortion. Correll, Lillydahl, and Singell (1978) This research makes two important contributions to the regional environmental amenity research. First, the dynamic modeling approach allows us to examine the impacts on a regional housing and labor market from a change in an environmental amenity. The results show that changes in the level of a regional environmental amenity can cause upward pressure on housing prices, a decline in the real wage, and expansion in residential and commercial construction. The dynamic approach also enables us to compare the estimated implicit open space price gained from the time series method to that which would have been estimated using a hedonic crosssectional model. The paper is organized as follows. Section 2 details the problems encountered by the hedonic property model when estimating the price impact of a change in environmental quality. Section 3 outlines the proposed theoretical model in the context of evaluating the effects of an open space purchase program on local housing and employment markets. Section 4 discusses estimation of the model parameters and dynamic time profiles of the effects of different disturbances. Section 5 applies the model to calculating the effects of the city of Boulder open space purchase program on housing prices and residential and commercial growth in that town. We conclude with some remarks concerning the efficacy of hedonic models when applied to environmental quality trends. The hedonic property method, useful for deriving welfare measures associated with one-time environmental quality changes, may fail in analyzing the price effects of environmental quality trends.' The effects of endogeneity in environmental quality trends within the housing and related markets may be significant. Indeed, if environmental quality jointly impacts the housing and labor markets, then multi-period impacts of environmental quality changes may result, especially if housing market inefficiencies exist.
II. PERFORMANCE OF HEDONIC PROPERTY MODELS UNDER
An example may be illustrative. In theory, a hedonic model could be used to evaluate the public's willingness to pay for additional ' The combination of market endogeneity and housing market inefficiencies suggests that housing price impacts of trended amenities may be time variant. To formalize a time-variant index, the next section introduces a theoretical model that links the housing and employment markets while accounting for joint impacts from environmental amenity acquisition.
III. A SIMPLE REGIONAL MODEL WITH ENDOGENOUS ENVIRONMENTAL QUALITY
Because environmental amenities may affect the supply and demand for housing and labor simultaneously, each of these markets must be thoroughly specified in the model. Related markets, such as the rental market, may also be impacted by amenity changes, and are explicitly contained in the model. The time series-based approach taken for this paper aggregates across individual environmental demands within a community. This is analogous to aggregating over individuals for market demand analysis. As such, the model presented here can be justified in the same way that we justify aggregate demand functions. We assume that each individual has the same marginal propensity to consume for any good (Phlips 1983 , 99-100). Of course, this assumption is quite strong and in reality the marginal propensity to consume almost certainly varies with different incomes. Nevertheless, the assumption is maintained and we bear in mind that, like other market demand analysis based solely on aggregate behavior, the implicit prices arising from the model include some aggregation error. sion. Finally, the demand function should account for the changes in environmental, neighborhood and structural characteristics of the home that may occur over time.
To obtain the market regional demand for housing, we sum over the individual demands, with two adjustments. First, when looking at the housing demand function over time, demographic shifts that lead to changes in the age distribution should be included in the model. Typically, this is done by replacing the number of households with the number of households that would be expected to own homes, conditioned on the age cohorts comprising the population (DiPasquale and Wheaton 1994). Second, it is convenient to evaluate demand for a typical, or "qualityadjusted" house. So, we must create a quality-adjusted price index, using hedonic or repeat-sales measures, which controls for changes in the quality and structural characteristics of the home.
We can then write a regional housing demand function as: SDt N,(a,)) , [3] where L, is the number of individuals in the labor force at time t, wage, represents wages at time t, and N, is the wage differential associated with the environmental amenity. An increase in the amenity shifts the labor supply curve outward, so that more labor is supplied at a given wage rate. The market demand for labor at the regional level may be written as a function of wages and regional economic health, H,, so that:
L, = h(wage,, H,).
[4]
Related Markets
Other markets, particularly the housing rental market, may be affected by the level of environmental amenities in a region. Allowing for endogeneity in the apartment rental rate and vacancy rates yields: rentt = f(vact, p,, at, ryt, p) vact = k(rent,, Pt, AS,).
[5]
Rents are a function of the vacancy rate, vac,, as well as the housing price level, environmental amenities, income, and the house price in the neighboring region. People may move from one housing unit to another in response to changes in rental rates or the price of single-family homes. Alternatively, an excess or unmet supply, associated with changes in the stock of housing, may cause vacancy rates to change. This may be viewed as a simple regional economic model, with environmental quality as an endogenous factor in the growth of the region. Thus, an increase in environmental quality relative to other regions will attract in-migration. This in turn leads to a larger labor pool at any wage, lowering the costs of labor relative to other regions. Firms respond by expanding the commercial base. The influx of new households also demand housing, placing upward pressure on housing prices. As prices rise and apartment vacancy rates fall, developers are signaled to provide more housing.
IV. DYNAMIC STRUCTURE AND ESTIMATION Equation set
[7] assumes rapid adjustment to system shocks for housing and employment markets. However, a large body of evidence suggests that housing markets are characterized by asymmetric information and high transaction costs, leading to slow adjustment to demographic and macroeconomic shocks ( [8]
In keeping with the simultaneous modeling approach, we may write equations 1-7 in reduced form as:
[9]
3 Many of the variables considered in the housing and employment markets exhibit nonstationary properties. Housing prices, the stock of housing and the level of open space are nonstationary if they are integrated ARMA processes (Granger 1981; Tsionas 1994 ). Employment may be subject to stochastic trends introduced by correlated macroeconomic variables known to be nonstationary (Granger 1981; Johansen and Juselius 1992; Johansen and Juselius 1994). 4 We define the equations, rather than the data matrix, in this discussion. As such, ut is nxl matrix of structural error terms, G is a nxn matrix of the structural parameters, bi and ci are nxn matrices describing the system dynamics, and ?p is an nxn matrix that includes the parameters of the long-run system and the adjustment parameters. The Ki are nxn matrices that describe the short-run system dynamics. The advantage of the error correction approach over other models is that it allows for adjustments that are in line with respect to the long-run economic relationships. The VECM approach allows us to explicitly estimate the extent of system disequilibrium induced by a change in a regional amenity. At the same time, it provides a picture of the underlying equilibrium and the rate that equilibrium is restored, given the amenity change. Using impulse response functions, the VECM allows us to determine the time path of the impact from the change in amenity levels on any of the model variables.
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Another advantage of the VECM is that it accounts for information included in the levels of the endogenous system variables (Hamilton 1994, 573). The cumulative impulse response function (computed using the model parameters) gives us the time path of the response of any endogenous variable to a change in any of the model variables. Specifically, the cumulative impulse response from a permanent change in the amenity level at time t on endogenous variable y at S Although several estimation techniques have been suggested for VECM's, Johansen's full system maximum likelihood estimation method has some advantages over other techniques. First, Johansen's technique allows for estimation of the rank of the cointegrating space which is the rank of the long run equilibrium coefficient matrix. Other techniques, such as the Engle and Granger technique or that proposed by Phillips and Hansen, take the rank of the space as given, then proceed to estimate the VECM parameters (Engle and Granger 1987; Phillips and Hansen 1990). Second, the estimation method jointly estimates the short and longrun coefficients of the VECM, given the rank of the cointegrating space, leading to increased efficiency relative to models that estimate the short run parameters conditional on the long-run coefficients (Banerjee et al. 1993 ). Although we have chosen Johansen's method, the model presented her may be estimated using any of the above-mentioned error-correction approaches. will be greater than that for t + k if additional acres are purchased between t + k and t + k + j.
The impact of the amenity on the housing price level at time t + k is 8E(p1+kly,)/ta,. Thus, the impulse response of a change in open space to housing prices may be interpreted as the implicit price, over time, of the open space purchase for a given aggregate level of open space. This is analogous to the implicit price estimated using the crosssectional hedonic model. In cross-sectional models, the characteristics of the home are held constant, since the price level is quality adjusted. In contrast, the impulse response function controls for variables that may change over time that will affect the demand and stock of housing. At equilibrium, the cumulative impulse response function 6E(pt+klyf)/6at may be interpreted as the implicit price of the amenity at time t + k.6 When the change in amenity has been completely incorporated into the house price and equilibrium has been restored, then the impulse response function will stabilize. This leads us to the empirical test for the statistical significance of the implicit price 
Data Sources
The years contained in the study were chosen to lie between two important policy initiatives. In 1980, prior to the beginning of our study, Boulder voters chose to accelerate the open space purchase program that had been in place since 1969 by creating an open space purchase fund through issuing municipal bonds. In 1996, after the end of our study, a ballot measure passed that constrained residential growth to 1% each year while placing caps on commercial expansion. We choose the years in between in order to control for changes in the regulatory environment. Therefore, quarterly data from 1981.4 through 1995.4 are used. All of the data are seasonally adjusted using the Census X-11 procedure and inflation adjusted using the GDP deflator. Table 1 Also, city level real income and quarterly sales taxes are not available on a quarterly basis. We assume that total wages in Boulder County, WAGE,, acts as a proxy for retail spending, hence local sales tax, and real income. Including County wage data is consistent with using County employment in the equations. However, using County wage data as a proxy for sales taxes and income may be problematic if the city's proportion of retail spending or employment changed over time.
'7 Impulse response functions would be biased if the proportion of people working in Boulder and living in another county were large. This is not the case. In 1995, the residence adjustment reported by the BEA for Boulder County was less than 1.29%, indicating that only a small percentage of the employees working in Boulder County lived elsewhere.
In fact, retail sales with the City of Boulder comprised a relatively stable proportion of total retail sales within the County over the period of study. The cities share of retail sales grew from 66% in 1985 to 68% in 1995, suggesting that the proportional relationship changed only slightly over the period investigated. The share of employment also remained reasonably stable. Thus, we expect that minimal bias will be present in the impulse response functions and wages should act as a viable proxy for sales tax and income.
The macroeconomic time series were obtained from Citibase. MORT is the quarterly data series for the real interest rate on primary conventional mortgages. The monthly series for the real interest rate on 3-month treasury bills, TBILL, is used to reflect shortterm financing costs. The data are averaged to obtain a quarterly estimate. The repeat sales method proposed by Case and Shiller is used to estimate the housing price indices (Case and Shiller 1987). Only homes that had not been issued building or remodel permits during the period of study were used. Because the index is formed using the appreciation in sales price for individual homes that have not undergone quality improvements, it grows in response to general price pressure in an area. As such, the index will reflect appreciation due to supply and demand changes and environmental quality improvements but not changes in the construction quality of houses in the area.
Local data on open space purchases were obtained from the City of Boulder Open

Estimation Procedures
The results of the Augmented Dickey-Fuller (ADF) test for the nine variables chosen to describe the regional housing and employment markets are given in Table 1 along with the exogenous macroeconomic variables. For all of the regional variables, the null hypothesis of nonstationarity cannot be rejected. This yields nine variables that potentially form long-run cointegrating relationships.
Finding the number of equilibrium relationships implied by the data is the next step in VECM estimation. To estimate the rank of the cointegrating space, Johansen's test for multi-equation cointegration was used. The results of the maximum eigenvalue test, given in Table 2 , indicate a rank of three, meaning three error correction terms will be included in each reduced form adjustment equation.
Given the rank of the cointegrating space, we estimate the model parameters using Johansen's full information maximum likelihood technique. Lag length for the VECM was determined using the AIC and the Schwarz criteria.
The Results
The normalized cointegrating vectors identified using the Phillip's representation are reported in Table 3 . The cointegrating equations, once identified, represent the long-run structural relationships in the system. We interpret the first cointegrating vector as a long-run demand function for housing. When E,,,_1 is positive, then the demand for housing is not in equilibrium. The price level is too high relative to the other housing demand variables. As such, the price level will begin to fall in the next period, or, alternatively, open space must rise or the stock must fall to re-equilibrate the system. In another sce- ditional open space is associated with rising employment, suggesting that firms locate in the County to take advantage of the nonwage benefits from environmental quality. Another interesting feature of this equation is that additional open space is associated with falling real wages, providing additional support for the hypothesis that workers will accept a lower wage to live in a high-amenity region. Table 4 To calculate the impulse response coefficients, the order of the variables within the recursive system must be specified. The variables were ordered such that when Granger causality of A on B could be inferred with 95% confidence, variable A is placed anterior to B in the recursive set. The results of two sets of Granger causality tests on the levels of the variables are reported in Table 5 Many environmental goods exhibit progressive upward and downward trends. It may be insightful to re-estimate the regional economic effects of goods such as air quality and water quality given the evidence in favor of slow market adjustment reported in this paper. Similar conclusions concerning these goods may offer further support for the hypothesis that trending environmental quality should be estimated in a time series framework (when possible) to capture the full economic effects.
